This study examined the relation of dual-task performance to individual differences on neuropsychological tests. Neuropsychological test scores from 16 young and 16 older participants were simultaneously submitted to a factor analysis that yielded 2 factors (Attention/Executive and Memory) that differed by age and 2 (Motor Speed and Cognitive Status) that did not. Regression analyses revealed that these factors were significant predictors of performance on a delayed visual recognition task, but the relationship varied as a function of task condition. The Memory and Motor Speed factors were the strongest predictors of single-task performance, but the Attention/Executive factor was the most important predictor of dual-task performance. The authors conclude that compromised central executive may underlie age-related decline in dual-task performance.
Many studies have documented increased dual-task costs in aging (for recent meta-analyses, see Verhaeghen & Cerella, 2002; Verhaeghen, Steitz, Sliwinski, & Cerella, 2003) , but discrepant views have been offered to account for this robust aging effect. Although dual-task methodology has been used to evaluate defined facets of the executive functions (e.g., Baddeley, 2002; Baddeley & Hitch, 1974; Meyer & Kieras, 1997; Miyake et al., 2000) , the relation of dual-task performance to neuropsychological measures, in general and with respect to aging in particular, has not been extensively studied. This is surprising given the interest in the executive function (Salthouse, Atkinson, & Berish, 2003; Stuss & Alexander, 2000; Stuss & Levine, 2002) and the possibility that an informative relation between standardized neuropsychological tests and dual-task performance may exist.
In the present article, we evaluated whether individual differences in neuropsychological tests in young and older individuals predict and characterize age-related differences in chronometric and discrimination performance indices in a dual-task paradigm. We begin by reviewing present accounts of dual-task performance decrements in aging and previous studies that evaluated the relationship between dual-task performance and neuropsychological tests.
Age-Related Decline in Dual-Task Performance
Age differences in dual-task performance have been studied extensively (for a review, see Hartley, 1992; McDwod & Shaw, 2000) . Whereas some researchers have failed to demonstrate agerelated decline in dual-task performance (e.g., Nyberg, Nilsson, Olofsson, & Backman, 1997; Somberg & Salthouse, 1982; Tun & Wingfield, 1994; Wickens, Braune, & Stokes, 1987) , many have found that aging is associated with increased dual-task costs (e.g., Crossley & Hiscock, 1992; Li, Lindenberger, Freund, & Baltes, 2001; Salthouse, Rogan, & Prill, 1984; Whiting & Smith, 1997) . Hartley (1992) suggested several reasons why age-related costs might be noted in dual-task paradigms even though these costs are not attributable to divided attention. These include compromised performance by elderly adults on the individual tasks used in the paradigm, variable complexity levels of the individual tasks, and use of two tasks that target the same perceptual modality. Hartley and Little (1999) found that age differences in dual-task costs were reduced significantly when using two relatively simple tasks that are presumably processed via different perceptual modalities. Hartley (2001) suggested that age differences in dual-task costs may be confined to concomitant generation and execution of two similar motor programs. This suggestion, however, can be directly evaluated in studies in which each individual task is processed via different stimulus response channels.
Although several mechanisms have been offered to explain age-related differences in dual-task performance, they are not without criticism. Salthouse (1985 Salthouse ( , 1996 argued that age-related dual-task costs reflect a general reduction in speed of cognitive processing associated with age. However, Kramer, Hahn, and Gopher (1999) demonstrated that age-related performance differences in a task-switching paradigm could not be accounted for by general slowing. Instead, they suggested that executive control in aging appeared compromised when memory load increased.
The complexity hypothesis (McDwod & Craik, 1988; McDwod, Vercruyssen, & Birren, 1991) suggests that dual-task costs can be expected to increase as a function of task complexity. However, Morris, Gick, and Craik (1988) and Gick, Craik, and Morris (1988) found that increased complexity and dual-task interference were differentially related to aging. In those two studies, increased syntactic complexity but not dual-task interference resulted in age-related performance decrements. Navon and Miller (1987) suggested that dual-task costs in old age result from a limited capacity to organize and execute motor responses. Lack of flexibility in switching attentional resources between tasks (Kortling, 1991) and the proclivity for a conservative response bias (Batsakes & Fisk, 2000; Glass et al., 2000) were also offered as possible contributors to age-related decline in dual-task performance.
Two recent studies showed that age differences in dual-task costs, as measured by central tendency (Anderson, Craik, & Naveh-Benjamin, 1998 ) and dispersion parameters (Anderson, 1999) of reaction time, varied depending on whether the interference occurred during encoding (i.e., stimulus presentation), recall, or recognition (i.e., probe presentation) components of a working memory task.
The above short review of possible reasons for the effect of aging on dual-task performance illustrates the lack of consensus in the literature concerning this issue. Some of this inconsistency may be attributed to variability in dual-task paradigms, extent of training, and characteristics of the single tasks. Nonetheless, pursuing further explanations for this aging effect that may generalize beyond task-specific characteristics and variability in experimental designs is of great value. To achieve this goal, in the present study we took a different approach to further our understanding of why dual-task performance is reduced because of the aging process. We asked whether individual differences on empirically derived neuropsychological factors that represented different cognitive domains predicted or explained age-related differences in dual-task performance costs.
Relations Between Dual- Task Measures and  Neuropsychological Tests Dual-task or time-sharing ability has been traditionally thought to represent limited capacity and attentional resources. Moreover, theoretical models using specific dual-task paradigms as proxies of executive control (e.g., Baddeley, 2002; Baddeley & Hitch, 1974) conceptualize this higher order cognitive ability in terms of a supervisory activating system (see Norman & Shallice, 1980) , which allocates attention to competing task demands. Hence, above and beyond task-specific characteristics, a relation between neuropsychological tests of attention and executive functions and dual-task measures may be expected.
However, we were able to find only a few studies that reported on the relation between performance on neuropsychological tests and dual-task measures. McDowell, Whyte, and D'Esposito (1997) found correlations between dual-task measures and neuropsychological tests of executive functions in patients with traumatic brain injury but not in healthy control participants. Bull and Scerif (2001) reported that with the exception of a small correlation with one performance index of the Stroop task, dual-task performance did not correlate with a number of neuropsychological tests or with mathematics ability in school children. Miyake et al. (2000) used a confirmatory factor analytic technique to derive three latent variables (inhibition, updating, and shifting) that were used to predict performance on a number of executive functions tests, including dual tasks in a college population. They found that the three latent variables contributed differentially to performance on complex executive tasks but were unrelated to dual-task performance. Malapani, Pillon, Dubois, and Agid (1994) reported that dual-task but not single-task reaction time measures correlated with Wisconsin Card Sorting Test performance indices in patients with Parkinson's disease and in control participants. Finally, Tun, O'Kane, and Wingfield (2002) found that performance of young and older participants on the Trail Making Test (Trails; Lezak, 1995) was related to recall accuracy when study conditions included meaningful distractors but not when the to-be-remembered information was presented in a quiet setting without interference.
The paucity and inconclusiveness of research examining the relation of neuropsychological tests to dual-task measures preclude any conclusions with respect to this topic. However, if an informative association can be demonstrated in samples of young and older individuals, it might shed light on factors that are relevant to dual-task processing in general and to age-related decline in dualtask performance in particular.
Present Study
The present study examined whether individual differences on empirically derived neuropsychological factors predicted age-related differences in chronometric and discrimination performance indices in a dual-task paradigm. Neuropsychological test scores from young and older individuals were included in the same factor analysis. The resultant factors represented individual differences in neuropsychological tests that were both related and not related to age. The relation of dual-task performance to individual expression of the factors was assessed in the context of whether age differences on those factors were significant. The factor scores were used to predict performance in the single-and dual-task conditions of a delayed visual recognition task (DVRT). This approach addressed the issue of whether the relation of individual neuropsychological factors to performance on the DVRT varied as a function of task condition.
We were interested in addressing the following questions and hypotheses:
1. Do individual differences on empirically derived neuropsychological factors predict dual-task performance of young and older participants? Or stated differently, can individual differences on those factors serve as adequate proxy for the effect of age on dual-task performance? We hypothesized that because some neuropsychological tests are sensitive to the effect of aging, performance on those tests would predict age-related differences in dual-task performance.
2. What neuropsychological factors were differentially related to DVRT performance in the single-and dual-task conditions? We hypothesized that because different demands were presumed to underlie single-and dual-task conditions, the relation of individual neuropsychological factors to DVRT performance would vary as a function of task condition. Specifically, in light of the presumed role of attention in allocating resources to competing tasks in dual-task paradigms, we hypothesized that the role of attention in predicting performance would be most potent in the dual-task condition. In contrast, we predicted that the Memory factor would be the best predictor of performance in the single-task condition given that the DVRT, when performed alone, is predominantly a memory test.
3. Does aging have an effect on dual-task performance that is independent of the variance captured by the neuropsychological factors? We hypothesized that an age variable that was orthogonalized with respect to the neuropsychological factors would have an additional independent contribution to predicting dual-task performance. We expected that other factors, such as endurance or arousal, which are not typically captured by neuropsychological factors measures, would contribute to the effect of aging on dualtask performance.
Method

Participants
Sixteen older adults, ages 65-85 years, and 16 younger adults, ages 19 -31 years, participated in the present study. The older participants were community residents who were recruited from newspaper advertising and senior centers and who had previously participated in studies conducted at the Columbia Presbyterian Medical Center, New York. The young participants were undergraduate students at Columbia University.
All the participants were determined to be in good health on the basis of self-report and clinical interviews. Demographic information and summary statistics of the neuropsychological tests, per age group, are presented in Table 1 . Mattis, 1988) , and gender distribution within each group. Exclusionary criteria were medical and psychological history that might affect cognition (e.g., brain trauma, neurodegenerative diseases, and depression), medications known to have an effect on test performance, and history of learning disability. All participants provided informed consent, and all were compensated for their participation.
Neuropsychological Measures
The neuropsychological test battery was selected to assess premorbid and current level of cognitive status and the following domains: attention, memory, language, executive function, and reaction time. Several issues were considered when selecting specific tests. First, tests were selected to cover neuropsychological domains that were thought to be related to the single-and dual-task conditions of the DVRT. It was important to select tests that were and were not sensitive to aging so that individual differences (as captured by the factor scores; see the Statistical Analyses section for details) would be both related and unrelated to age. When possible, we selected tests that have been used in our center in numerous prospective and cross-sectional studies of aging to ensure their adequacy for the study population and consistency with other ongoing research. Although the neuropsychological battery is not exhaustive, it provided sufficient information about the participants' overall neuropsychological profile.
The following tests were included in the neuropsychological battery. The NART (Nelson, 1982) was administered to estimate verbal intellectual functioning. The dependent measure was the total number of words read correctly. The DRS (Mattis, 1988) was used as a screen for current level of cognitive status. The total DRS score served as the dependent measure. The Digit Span Test (Wechsler Adult Intelligence Scale-Third Edition [WAIS-III]; Wechsler, 1997) total raw scores for the Forward and Backward conditions assessed span of verbal recall. A 15-item abbreviated version of the Boston Naming Test (Stern et al., 1992) was used to evaluate word-finding ability. The Selective Reminding Test (SRT; Bushke & Fuld, 1974 ) assessed verbal memory. Total recall score and a saving score (number of items recalled after a delay and number of items recalled in the last trial of the immediate recall condition) served as dependent measures. The Rey Complex Figure (Rey, 1941) , copy version (total score), was used to estimate construction and executive function. The Rey 30-min delay (total score) was used to evaluate delayed visual memory. Trails (Forms A and B; see Lezak, 1995) measured attention and executive function. The time required to complete each form served as the dependent measure. The time required to complete Form A was subtracted from the time required to complete Form B to provide a better measure of set-shifting ability. A computerized simple reaction time test (see Doran, Van Dongen, & Dinges, 2000) assessed speed of processing. This simple vigilance reaction time task ran for 6 min. Trials occurred with an intertrial interval of 2-10 s. The stimulus consisted of a large red X that appeared in the center of the screen. Participants were instructed to press the space bar as quickly as possible when the stimulus appeared. After each response, the program provided response time feedback in milliseconds. Participants were instructed to respond as quickly as possible.
Cognitive Single-and Dual-Task Measures
The individual tasks used in the dual-task paradigm were designed to be consistent with Baddeley and Hitch's (1974) conceptualization of the central executive (for details regarding the theoretical basis and procedures of the cognitive tasks, see Holtzer, Stern, & Rakitin, in press) . That is, one task was presumed to represent the visuospatial sketch pad, and the other represented the phonological loop. The function of the central executive is to allocate and coordinate resources to the concomitant processing of two tasks, which presumably represent separate perceptual modalities. Moreover, designing the dual-task paradigm in this manner was intended to ensure that dual-task costs would represent the function of executive processes and not limited capacity of one modality.
Apparatus
A Macintosh iBook computer, with a 12.1-in. (31.3-cm) diagonal viewable monitor, was used to administer the single and dual tasks. A delayed visual recognition procedure and an auditory digit recall task were implemented using PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) . Visual stimuli were presented on the computer screen. Keys on the left and right sides of the keyboard served as response keys for the visual task. Auditory stimuli for the Digit Span Test were digitized voice recordings played by the computer and amplified by digital speakers.
Task Procedures
All training and testing procedures were conducted in the same laboratory room in the medical center. Each participant was tested individually. The training and testing of the single-task condition of the DVRT were completed in the first experimental session. The training and testing procedures of the DVRT in the dual-task condition were administered in the second experimental session. The single-and dual-task conditions of the DVRT are presented schematically in Figure 1 .
The single-task condition of the DVRT (see Figure 1A ) is a nonverbal adaptation of the Sternberg task (Sternberg, 1966 (Sternberg, , 1969 . Each trial consisted of an encoding, retention, and probe phase. In the encoding phase, two or four visual stimuli were presented. The probe item either matched (true positive) or did not match (true negative) one of the stimuli from the study set. The participants indicated whether the probe item was included in the initial set by a differential button press. The participants were instructed to respond as quickly as possible.
The DVRT consisted of 60 trials and was conducted twice as a single task. The first run was designated as the training procedure, and the second run served as a baseline comparison to the dual tasks. Twelve Microsoft Word symbol characters served as stimuli for the DVRT. These symbols were thought to be nonverbal to the extent that they did not correspond to or intuitively relate to real words.
A computerized digit span served as the interference task. It consisted of auditory presentation and verbal recall of five-digit sets. The participants listened to a set of five numbers, produced by the computer at a rate of one digit per second. They were then asked to repeat the digits in the same order and at the same pace. The times at which each digit was produced was monitored by the computer. The accuracy of the digit recall was hand-recorded by the tester.
As with the DVRT, the computerized digit span task was conducted alone twice, with training preceding the testing condition. Each task consisted of 25 different strings that were five digits long. Randomization within each digit set was constrained by two factors: digits presented one after the other could not be consecutive either in descending or ascending order, and identical pairs of digits were not presented in consecutive digit sets.
With no exception, performance on the computerized digit span task when administered alone was at 95% accuracy or higher. Accuracy was reduced in the dual-task condition, especially for the older participants, but not below 85%.
The dual-task condition of the DVRT consisted of 60 trials as well. It is presented schematically in Figure 1B . Participants were required to encode the visual study set while listening to the first set of digits, recall the digits during the first 5 s of the retention period, attend to a second set of digits during the last 5 s of the retention interval, and then recall the digits while making a decision about the identity of the probe.
Experimental Procedures
The first and second experimental sessions for each participant were conducted at the same time of day. Once written consent was obtained at the beginning of the first session, the tester conducted a comprehensive interview to obtain demographic, medical, and psychological information to ensure compliance with the inclusion and exclusion criteria of the study. Following the interview, the training and testing procedures of the DVRT in the single-task condition were administered. Subsequently, the participants completed the neuropsychological testing battery. The training and testing procedures of the DVRT in the dual-task condition were administered on the second day of testing.
Statistical Analyses
Chronometric and discrimination indices in the single-and dual-task conditions of the DVRT. First, it was necessary to demonstrate that performance differences between the young and older participants on the single-and dual-task conditions of the DVRT were statistically significant. DVRT reaction time data for each participant was filtered so that responses that were two standard deviations above an individual cell mean (95% confidence interval) were eliminated. Responses that were under 150 ms were eliminated as well. Natural log transformation (log e ) of raw reaction time data was used to minimize group differences in the dual-task condition that were proportionate or disproportionate to group differences in the single-task condition (see Baddeley, Baddeley, Bucks, & Wilcock, 2001 ).
Signal-detection theory assuming logistic distribution was used to calculate a discrimination index with the accuracy data of the DVRT in the single-and dual-task conditions (Snodgrass & Corwin, 1988) . The discrimination index, designated as DL, provided information regarding the individual's ability to discriminate between true positive and true negative probes. Higher DL values indicate better discrimination.
Repeated measures analyses of variance (ANOVAs), with age as the between-participants factor and task (single vs. dual) as the two-level within-participant variable, were carried out to determine whether agerelated differences in log e reaction time and discrimination were increased in the dual-task compared with the single-task condition. Independentsamples t tests were used as post hoc tests to examine whether age differences in log e reaction time and discrimination were significant on the DVRT single-and dual-task conditions.
Factor analysis of the neuropsychological tests. For data reduction purposes, neuropsychological raw test scores of the young and older participants were submitted to principal-components factor analysis. A multivariate analysis of variance (MANOVA) was carried out on the neuropsychological factor scores and then followed by one-way ANOVAs to ensure that, as intended, individual differences on each factor would be defined in relation to age. Because the principal-components analysis was run on the correlation matrix, the raw scores were normalized on the basis of the distribution of the entire sample. Varimax rotation was used to derive orthogonal factor scores, and the minimum eigenvalue for extraction was set at 1.
Prediction of age differences on the single-and dual-task conditions of the DVRT. To examine whether aging had an effect on dual-task performance independent of neuropsychological test performance, we orthogonalized age with respect to the neuropsychological factor scores. This was done by regressing age on the factor scores and using the residual as the new orthogonal age variable. The regression was statistically significant (R ϭ 863), F(4, 26) ϭ 18.981, p Ͻ .001.
Multiple regression analyses examined whether individual and age differences on the neuropsychological factors predicted age-related performance variance on the DVRT. The neuropsychological factor scores served as the predictors that were entered simultaneously. Log e reaction time and discrimination indices of the DVRT in the single-and dual-task conditions served as the criteria in four different regression models. The orthogonal age variable was subsequently entered as an additional predictor into the regression models to determine whether aging had an effect on DVRT performance independent of the neuropsychological factor scores. The magnitude of the standardized beta coefficients was used to evaluate the relative contribution of each predictor to the variance of the dependent measures.
For all analyses in this article, the level of statistical significance was set at ␣ ϭ .05. Tests for sphericity were carried out in all ANOVAs. HuynhFeldt corrected significance levels are reported for any effect for which the sphericity test was significant. The degrees of freedom and statistical significance values reported for the independent-samples t tests were corrected for unequal variance when necessary.
Results
DVRT Log e Reaction Time and Discrimination Data
Mean log e reaction time (and the standard error of the mean), per age group, in the DVRT single-and dual-task conditions is presented in Figure 2 .
A repeated measures ANOVA, with age as the between-participants factor and task as the within-participant variable, revealed significant main effects for age, F(1, 30) ϭ 80.346, p Ͻ .001, and for task, F(1, 30) ϭ 6.943, p Ͻ .05, and a significant Age ϫ Task interaction, F(1, 30) ϭ 5.769, p Ͻ .05, indicating that age differences increased from the single-to the dual-task condition of the DVRT. Independent-samples t tests indicated statistically significant mean age differences in log e reaction time on both the DVRT single-task condition, t(27.977) ϭ Ϫ6.615, p Ͻ .001, and the dual-task condition, t(28.611) ϭ Ϫ7.651, p Ͻ .001.
Mean discrimination (and the standard error of the mean), per age group, in the single-and dual-task conditions of the DVRT is presented in Figure 3 .
A repeated measures ANOVA, with age as the between-participants factor and task as the within-participant variable, revealed significant main effects for age, F(1, 30) ϭ 55.528, p Ͻ .001, and for task, F(1, 30) ϭ 56.783, p Ͻ .001, and a significant Age ϫ Task interaction, F(1, 30) ϭ 4.486, p Ͻ .05, indicating that age differences in discrimination were increased in the dual-task condition. Independent-samples t tests indicated statistically significant mean differences in discrimination between the young and older participants for both the DVRT single-task condition, t(26.050) ϭ Ϫ4.793, p Ͻ .001, and the dual-task condition, t(29.373) ϭ 6.983, p Ͻ .001.
Factor Analysis: Neuropsychological Tests
As expected, group differences on the neuropsychological tests (raw scores) were statistically significant (see Table 1 ). We submitted the neuropsychological test scores of the young and older participants to principal-components factor analysis, yielding four orthogonal factors that accounted for a total of 73% of the variance of the neuropsychological tests (see Table 2 ).
The loading coefficients of the neuropsychological tests on the four factors were consistent with their purported use in the literature.
1 The Attention/Executive factor consisted of the Digit Span Forward and Backward conditions, Trails Form A, Trails Forms B Ϫ A, and the Rey Complex Figure (Rey, 1941) , copy version. On the Memory factor, we noted the highest loading coefficients for the SRT (Bushke & Fuld, 1974) total recall and saving scores, the Rey 30-min delay, and DRS (Mattis, 1988) total score. The Motor Speed factor consisted primarily of the reaction time test (mean and standard deviation) and, to a lesser degree, of the Rey Complex Figure, copy version.
1 The Boston Naming Test was not entered into the factor analysis because the young group was at ceiling on this test. Trails Form B was not entered into the factor analysis because it was redundant with the B Ϫ A index, which provided a more pure assessment of set shifting. The NART (Nelson, 1982) had the largest loading coefficient on the Cognitive Status factor. We noted moderate loading coefficients on this last factor for the DRS (Mattis, 1988) total score and Trails B Ϫ A.
A MANOVA, with age as the between-participants factor and the four neuropsychological factors as the dependent measures, was statistically significant (Wilks's ⌳ ϭ .269), F(4, 26) ϭ 17.707, p Ͻ .01. Descriptive statistics (mean and standard error) and summary of the ANOVA results carried out on each neuropsychological factor are presented in Table 3 .
There were significant age differences on the Attention/Executive and Memory factors, indicating that individual differences on these two factors were related to age. The differences between the young and older participants on the Motor Speed and Cognitive Status factors were not statistically significant, indicating that individual differences on these factors were not related to age.
Multiple Regression Analyses
The four neuropsychological factors and orthogonal age variable were used as predictors in four different regression models, with log e reaction time and discrimination indices in the DVRT single-and dual-task conditions serving as the dependent measures. Summary of the results of these regression models is presented in Table 4 .
The neuropsychological factors were significant predictors of log e reaction time and discrimination in the single-and dual-task conditions of the DVRT. The explained variance ranged from 57% to 73%. With the exception of the regression model predicting discrimination in the single-task condition of the DVRT, the addition of the orthogonal age variable as a predictor was statistically significant, adding from 5% to 7% to the explained variance.
The regression coefficients of the neuropsychological factors and orthogonal age predicting log e reaction time in the single-and dual-task conditions of the DVRT are presented in Table 5 . Table 5 reveals that the Attention/Executive and Memory factors as well as orthogonal age were significant predictors of reaction time in the single-task condition of the DVRT. In the dual-task condition, the four neuropsychological factors and orthogonal age were all significant predictors of log e reaction time. This indicates that the neuropsychological factors were differentially related to performance in the single-and dual-task conditions of the DVRT. Examination of the standardized beta coefficients provided information with respect to the magnitude of the relation between the predictors and dependent measure. As judged by the coefficient size, the Memory factor had the largest contribution to predicting single-task performance, but the Attention/Executive factor emerged as the strongest predictor of dual-task performance.
The regression coefficients of the neuropsychological factors and orthogonal age predicting discrimination in the single-and dual-task conditions of the DVRT are presented in Table 6 . Table 6 reveals that the four neuropsychological factors were significant predictors of discrimination in the single-task condition of the DVRT, whereas the orthogonal age was not. In the regression predicting discrimination in the dual-task condition, the Cognitive Status factor was no longer significant, but orthogonal age became a significant predictor.
Examination of the standardized beta coefficients revealed that Motor Speed was the strongest predictor of single-task performance. The relation of the Memory and Attention/Executive factors to discrimination varied as a function of task condition. Memory had a larger contribution to predicting single-task performance, but the Attention/Executive factor was the strongest predictor of dual-task performance. Note. ANOVA ϭ analysis of variance. ** p Ͻ .01.
Discussion
The negative effect of old age on dual-task performance has been reported in previous research, but reasons for this finding remain controversial. The present study took a different approach to address this issue. Neuropsychological tests were used as a proxy for aging to examine whether performance on such tests can shed light on our understanding of why dual-task performance decreases as a function of old age.
The methodology and findings of the present study provide important contributions to the study of cognitive aging. This study is the first, to our knowledge, to test specific hypotheses with respect to the relation of individual differences on neuropsychological factors to age-related decline in chronometric and discrimination dual-task performance indices. We found a significant and informative relation between individual differences on empirically derived neuropsychological factors and dual-task performance in young and older individuals. Furthermore, the role of those factors in predicting performance varied as a function of the underlying constructs they presumably represented. Below we discuss our findings in relation to the three hypotheses the present study was designed to evaluate.
Our first goal was to assess whether individual differences on neuropsychological tests were related to dual-task performance of young and older individuals. Regression analyses, predicting both reaction time and discrimination, revealed that 62%-73% of the variance in dual-task performance was accounted for by the neuropsychological factors. These findings confirmed the hypothesis that neuropsychological tests can serve as an adequate proxy for aging when evaluating the effect old age has on dual-task performance.
The second hypothesis examined whether the relation of the neuropsychological factors to performance on the DVRT varied as a function of task condition and the underlying constructs those factors presumably represented. Specifically, because the dual-task paradigm was designed to be consistent with Baddeley and Hitch's (1974) conceptualization of the central executive, we predicted that the role of the Attention factor would be more potent in the dual-task than in the single-task condition of the DVRT.
The DVRT (single-task condition) was modeled after the Sternberg paradigm (Sternberg, 1966 (Sternberg, , 1969 , which is considered a measure of working memory. In light of the large body of literature reporting that working memory declines in the aging process (for a meta-analysis, see Verhaeghen, Marcoen, & Goosens, 1993) , one could have expected the Memory factor to be the strongest predictor of age-related performance variability on the DVRT. This relation was observed, but only when predicting reaction time in the single-task condition of the DVRT (see Table 5 ). Motor Speed is a "built in" component of the DVRT, and general slowing (Salthouse, 1985 (Salthouse, , 1996 has been proposed as an underlying mechanism of age-related decline in cognitive test performance. Hence, one might have expected Motor Speed to be the most important predictor of age-related performance differences on the DVRT. This relation between Motor Speed and DVRT performance was found, but only when predicting discrimination in the single-task condition of the DVRT (see Table 6 ). It was the Attention/Executive factor that consistently emerged as the most potent predictor of dual-task performance for both the log e reaction time and discrimination indices. This finding has important theoretical implications. The presumed role of the central executive in dual-task processing is to allocate attentional resources to competing tasks (Baddeley, 1996; Baddeley et al., 2001; Baddeley & Hitch, 1974) . Consequently, from this theoretical perspective, it would be expected that the Attention factor plays an important role in predicting dual-task performance. The findings of the present study support this notion (but see Salthouse et al., 2003 , regarding methodological issues relevant to the assessment of the executive functions). It may be further inferred that compromised ability in old age to meet increasing demands on attention in dual tasks results in disproportionate costs relative to age differences on the single tasks. Although the present study suggests that the Attention/Executive factor was a potent predictor of age-related differences in dual-task performance, it should be emphasized that this factor did not have an exclusive role in mediating such performance. The involvement of the other neuropsychological factors in predicting age-related differences in both task conditions attests to the complex cognitive demands inherent in the DVRT.
The measurable difference in recruiting the neuropsychological factors to predict single-and dual-task performance on the DVRT has important implications. First, it appears that although dual-task and working memory paradigms are often considered to be two related facets of executive function, their underlying demands are qualitatively different. In this study, we demonstrated that although the Memory and Motor Speed factors were the strongest predictors of performance on a working memory task (DVRT alone), the Attention factor was the most potent predictor of dual-task performance.
This finding is consistent with a recent study by Tun et al. (2002) , in which neuropsychological tests with heavy attention and executive demands were related to recall accuracy when study conditions included a meaningful interference but not when the information to be remembered was studied in quiet optimal conditions. Hence, the association between dual-task performance and neuropsychological tests that rely on attention and set-shifting may be generalized beyond the task-specific requirements and experimental conditions that were unique to the present study.
The second and more general implication is concerned with the unfortunate dichotomy between cognitive sciences and neuropsychology. Whereas cognitive tasks have been traditionally designed to enhance knowledge about specific cognitive processes, neuropsychological tests have been used for clinical purposes and to characterize disease-related cognitive changes. The present study provides evidence of the utility of using these two approaches in concert to increase knowledge with respect to cognitive aging. Moreover, and in contrast to the dichotomy mentioned above, this investigation used individual differences in neuropsychological tests to explain a robust aging effect on a complex cognitive paradigm for which present accounts have provided discrepant and inconsistent views.
It is interesting to note parallelisms between the outcome of the ANOVA on the DVRT results and the outcome of the multiple regression models predicting those results. The DVRT had significant effects of age and task as well as their interaction. The regression models of single-and dual-task performance had predictors that differed by age that were significant in both models. This is consistent with the main effect of age in the ANOVA, to the extent that age-related neuropsychological variance predicts agerelated DVRT variance irrespective of task condition. Similarly, there were predictors that differed between the two tasks' models that are suggestive of the main effect of task, although these differed depending on which variable was being predicted. The order of the regression predictors in the models differed in priority, and the predictors involved did (Memory and Attention/Executive) and did not (Motor Speed) differ by age. These reordering effects are consistent with the interaction of age and task. The implication of these patterns is that the task and age effects on the DVRT itself may be mediated by individual differences in several cognitive domains.
The third hypothesis addressed the issue of whether aging has an effect on dual-task performance that is independent of the variance captured by the neuropsychological factors. With the exception of predicting discrimination in the single-task condition, the orthogonal age variable added 5%-7% to the explained variance in DVRT performance. This suggests that age had an effect on DVRT performance that was not accounted for by the four neuropsychological factors, at least as measured in the present study. However, the independent contribution of age to the prediction of DVRT performance was relatively small. Although it is possible that a more comprehensive neuropsychological battery than the one used in the present study might have served as a better proxy for age, other factors, such as endurance or arousal, that are not typically captured by cognitive measures may have been represented by the orthogonal age variable and its independent prediction of variability in DVRT performance.
In evaluating the contribution of neuropsychological tests to our understanding of age-related differences in dual-task performance, it was necessary to address methodological issues relevant to the assessment of dual-task performance in general and age-related costs in particular. Consistent with previous research (e.g., Baddeley, 2002; Hartley, 1992) , the dual-task paradigm in this study comprised two single tasks that were presumably processed via two different perceptual modalities. The participants were well trained in both the single-and dual-task conditions of the DVRT. Furthermore, the older participants demonstrated high accuracy (93% correct) when performing the DVRT in the single-task condition, indicating that they had achieved an adequate level of mastery before they were subjected to the demands of the dual task. Further support for the argument that group differences in the dual-task condition were not primarily accounted for by performance differences in the single-task condition came from the significant Group ϫ Task interactions observed for both the log e reaction time and discrimination data. Addressing the above methodological issues has led to some level of assurance that individual differences on neuropsychological factors have shed light on our understanding of the observed negative effect of aging on dualtask performance.
In conclusion, individual differences in neuropsychological tests predicted dual-task performance of young and older individuals. Although the neuropsychological factors served as adequate proxy for the effect of aging on dual-task costs, age had a small but additional independent effect on performance. The Attention/Executive factor had an important, although not exclusive, role in mediating dual-task performance. These findings may be viewed as consistent with conceptualization of the putative central executive as important in allocating attentional resources to competing task demands. The findings of the present study suggest that compromised function of the central executive might underlie the negative effect aging has on dual-task performance.
